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Tne paper investigates tho Mapuve forem a¢ It occurs 
om 2 robeting eyiiudirical bady wibh a camleanl moss in flight 
et Wwigh mibeonle velocttion mek at emall wexyjles of attack, 

The camparison af exmperimeneal results with a simpiitied 
thearetice] analysis iniicetes tast amnivion, dete le necoamary 
ja order to evaiuebe the Maguus farsa, An empistcal cue 
miitebie for tae mohel Rested is presemed, 

tna position of the center of preemems for the Meee foros 
ig elen inveesignted, axl ompirical dwva for te loeatian of 
this point is presunted, The position of the camter af mrosetre 
was fowl to be o fuastion of retational volocity and engle of 
attack. 
of vrewietia investignters where test coalitions were dunlissted, 
Rowovar, 2o porrietie work was avadieols for fae tests at semll 
angles a attack, 
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Ween a bady of revolwiian, gush as a cylinder, ie roteted 
about ita acis of revaltiion ae is pleced in an aelretrom per- 
peodicular to the exis, a foaewe ie generated which le verpeadi- 
cular to the aiewtrema direction end to the gpin exis. This 
Pores is termund “Masous Pittect” efter the mea who fire? dsaon- 
strated ite existence in Le (1). 

See develogaent of tha cirewlation theary of Lifts by 
Premiti (2) broadened the theoretical aspect of tue Meguis 
Effect, ext 1% hee bow: accordingly rether closaly inrestigeted 
in, tne came af the ayimiiag cyliaiers vith cmgewetivaly Low 
quem airflow peryendiovler to the spin exis by Dets, Reid, and 
Boren (5,4), These icwestigetioss showed that vemeskably 
ot comeldembie drag. The fact thet tee Gagne EfYect oan be 
ef consttortinie amrilivals bas cranyte’ severn] cammerciel veacturmee 

© Deli ceajectiies @e wWeitoet to tide Care veneer 
there Ie Gay toamwreree eamauect af Clay over the body, Tlo0e 
Us mapeitale of tits Cores bee Dem cobtidernd aml) | compari. 
om to @roeeaie forces of thm bay, 1) lee Got See foe - 
Q@ite taerogaly in Glecusmiawe of pmjertilo mmhility 








wei Grajectory., Tiowrvrer, {9 certain reeerily develacoed’ 
elosiles the qaeetéon hes arisen of the Inpurctane af this fare 
in the dewelonam2l of ingetebility. 

It is tm purpgess cf thie paper to krvestigeabe the 
miaitiae mcd position af this furse wecuor ms It occurs 
o a bagic geanaetric shape tremvelling et sthGoric speeds 
ot @ weall angie of abiack, The ucdel configuration to be 
tested is thet of a cylimier with conical mes. 

Rotation of a boky in e tremrpemso airtiog ales hes on 
effect qi drag simes rotetion las a provamd effect thon 
effect a: Gray ia teyund tae sop: of this paper, Wut in 
iy orerall mumlysia of the sexxlyansic effect of pobetion, 
2% wild heva to be comadidered. 

apereciation ie acmreseed te Professor Jom D, Akommen, — 
Adviees owl Head of the Sorenethical Raginesring Deperbaent, 
University «i Minmesets, anier whoge direction tuls theede 
was written, aad oo eteCf neers af the Posemract Besenrch 
Cester wire megisted in the wim tamnei enperiserial wok. 





Ti. MEDS 

& Theapetical 

om omact thearetles] cagmistion of the “Naga Effect” 
feros in thee cage of 2 body of rovedehien at an aaghle of 
ected: beams comliested, if nol impocethie. versie af 





pelos, It is, therefore, nacossery bo rely tem theory 
es arily a rote@h pide to the magnitwe of forees imvalred 
eal to poly om experiemctal deta for qualitetive informetion. 
ay, in thle paper 4 theoretical discuesian 
oi tien the omerimenrhal resiiie af the farce ag Poet on 
tne malel will be Glesussed, Tt will be seen test the o- 
eny wolel eonfliguretion emi test comfitians. 
a oylinder with cemicel nose set at 2 ammll angle of attack, 
opimming gout its exis and trawalling at sectic velocities. 
(figure I.) Tie mroblem ie bo determine the aguitade ant 
Loomtion of tlw Haggis Tifect fares acting om the badly. 
preenre Gietrintiion orer thm stefanme of the bedy, aad then 
mormel to tha free-givesm ani the cylinier acis. (Pignre I.) 
I? the compenent of fro0-7trema air flow perpeaticclar 
‘3 tie oplinder exis is commidered to be the only wiecly 
nepoeent affecting the Megan femme, ths problem amy then 
bo apgroackad ag the asnlyete of two cimmerionel flow of alr 
over © Leap retveting cylinder with ite evla norm) t° the 
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fa gaalogoe Slow Meld ts devoloped fru purely 
Rmorrties!, comsideostionsa for en issempredsthle, nam-visecss 
fiuied by Pravktl (2), Thie te secomplisiwd by the gure 
position of a vortex flew ami the flow shout a opin 
the Tinel velocity at any voit being the stm of the to 
gipecyosed velocities. In tls cane, the Hammes farce acy 
be combed as follows: (In the xe noe, tae foroe is 
walled “Litt”, bub it will be referred to bere ax "Wagate” 
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apciy it to Plow gooct @ polis body, A aylinder in rotation 
gets > a clrciletery flow abort iteelf dw to viscaity 
effocts in the field and friction between the aarfaco ead tho 
freed. Teie flow, however, caumct be trented in the sem 
mmreer ne the ficticious vortex flo, because: it ts depeniert 
on botefery Mager velocity ewxi croseure gradients. Tho pre- 
sees by which cirotleation ia developed abort a cylinder ie 
Rigctesed Wy Prendt (2) end Gelastein (3) with the cowlueton 
‘tat the cirevlbetion intwed by a cflicsbr is just belf thet 
of the oiivalont cufacc In vortex mekion, Tht te, fore 
eylinier, [eis ¥, With [ op Gebermined, the Clo pattern 
over a potetings cylinder ie tie sume 23 vith wort: fiw at 
tp owe value of { . Pron Goliietein (3) and es soem on 
Migare Til, when / reathes « milue of Air U,, the lesiing md 
teelling wtegmrtie:. poblwte colmcite, Fit a aylindar this 

ve Vaek@irer By 
OR; 

Teh u, 

For a cylinger, Urie repreemids tie oasiition for 
wexiwan Baga foroc a) Ome aylinder, Thla eascitsien ie 
ceeceal by Goldstein (3), Aap fetter iocreses in V carrios 
fia completely exeund the oplinder slintunttag terectla: 
of the ayLiaiar guzfere end the freo stieean alr Gow, Tw, 
= ferther vortex ection which will iniies Daweacsd 
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FIG. QL - THEORETICAL FLOP ABUUYT ROTATING CYLINDER 
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FIG.LVY - LIFT ON ROTATING CYLINDERS 
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angle y by downwash 


An increaSe in circulation increases F by dF and ip by dy 


Then, 
L+dL = (F+dF)cos(yt dy ) 
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(FtdF)cos(y + dy ) < Feosy 


so that (L+dL)<L, or dL is negative, 
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It is assumed tre end efrects balance each other 
so tnat the center of pressure 1S in the same position 
with or without end effects. 

Taking area moments of the pressure distribution 


about the zero position: 


SM = (kr”)(r)(4/3 r) + (kr2)(7r) (54 r) = 39.833 kr® 
then , 
e - SM/FA = 39.853kr*/ 8 kro ~ 4,98 r 


FIG. WY - CALCULATION FOR CENTER OF PRESSURE, LOCATION 
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FIG. IX. — STRAIN GAGE CXURCUIT DIAGRAM 
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FIG. V —- VIEW OF TEST SECTION WITH MODEL INSTALLED 
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Tete inaccuracy wee mailaly @ue to ingbeady ral wenosetear 
iniiostions, The reliaaie acularacy for taese reeling wee 
«3 TOWM-inmches. Beery effort wis made to reguce tie error 
ly cametcl etaay of the maertic ab ail strain gage Losec. 
Te tae test for the 90° ane of attack attitadse, low air 
gpeed wag Ueod in toe wind tee] with Ghee reeult that fe 
sede] aid aot viberte amd the qelveoeeter reeiiags were 
rbelnineg mate secure dete LD the wxiel inetelietlon were 
moiified with a tlew Go aininteiag, ar olimiweting tae vibra~- 
TiOtw c 

As show an the graphe of Mocs CT end LXh, sow 
ef Vf) = wh, Oe Pigrws SVI thin wight be regarded ea dota 
imecarncy, bVt on Figure SIX for 2 OO? where the debe 
rreviote iovertigeiors reportel aero agate force below 7/0, 
ratios of .5, but 14 ie not kage ff thedr apsertas wae 
eepebio of mnaguring vagation farses, 

The deta for X © OF of Piguwe KUT which epneaes noctrnbe 
gives enyihec reantll welch is jaconsiwtert wit) theory, acd 
that is tie Glee curves wikia oootre Meloy F/1, # 7, The 
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forsee involved were whltin tee decusmey of the oopelpeeer® 
for this neriiotlar test. Further Gavectigntion in veres- 
wery to expiein thie apparent inconsictemy, 

Tae cexter af remectre ag civantned fren the experiaer 
arpeeced bo ba a Sunetion of rotetiowal velociay end aye 
of attack. The effect of free cumemi velocity on tee comer 
oP wreseure Loowrticon appesrei to be mmall, The verigtian to 
tie cerber ef mreestre looatieon is preeerted grenicteoaliy 
in Tigers EX. In qumeral it qgereeres that eb qenll. mages 
of whi-ck end et. tle higher robwitoasl welooit ies where cir 
omation i¢ well developed, tm conter af preesine wil fts 
formed with decreesed amgles «" ettach, iniliceting thet tan 
tlow tende to eliga Iteelt with the cylinder at smlt ucghee 
a” etteck tims decressiar tho efYortiw cmoesfLoy cage - 
yyear the doweyrirea end, 

in order to Maat any flew ier Wien exlght 
exiles, te shedmagaph of Pigero SKI wes mede. It chows 
tim wzlally omic walecities were developed om the Uupeireen 
side of ths aodel, witle separation af “lav ores at the angle 
oct tiie choweaeireen side of tie ariel, fo diebortion of flow 
ie to rotation ia vieihie, It dees aot anocer thet there 
accarences inet amy effect an the Magma foros, 

Several fwcters wiich um aave A:4 an inflame om the 
accirecy of (8 geperiniered Meetlte, FO were aos ont ubod, 
will we be mention, 
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“he ywibretions of the model which wae coisa br Algh 
vureatieon af the model Deitend by iis mm robation was at 
Hovaever, sch vileatiais sign: pousibiy hers same affect on 
the werakpenie performace af tim mole, 

ihe nodal maypert blocked some of tive exsbrise flow 
over the bene af fae model, time decreasing the mui loea a9 
thet uc model, gavo e higher Magaus farce tian it would give 
in free fiign.. 

Ho ebteaget was rede to cormmct for fumed well effect. 
Deerlemme iu the tarel with other models indioestes et 
this effect is mmll., déncther nossthhe interference effect 
the wodei wen fer enough: foes the ere a that the effect 

In the test at angle a” ettack 96°, the tase of the 
ot Che well olimigatel emi losses die to apillage axl intro~ 
Cuesd gacteer ete due to the tumel wall boundary laper whieh, 
with tte Lower velooities, would decrease Magus force, axl 
+o gomm extent eompeneste for bho Glisinetian of eal Looots, 
The Taet tet the experimeatal and ihearetical cemter ot 
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TTl, CUmcLveUa 

2. The Maeree force for a body whailer to the om 
toebed sey bo competexl by seo of the curve of Figure IVI. 

2, The Wages force for oylintricslly sheged Shien 
tmerstiesd omapuiaitione. 

2. At ¥/i, ratios belew .5, saa negriive valves of 
(agrie farce are obtalsed. Tite is extirely Lexcastetart 
with theery Deb ia, epoerertly, a reliable reettt. 

5h. The conter cf presece iscetias is a Pumetion of 
rotetionnl veleclty axl augle of attemt, aad is act sensi - 
tiwe to free otream velocity clases, 

5S. © aqugies of attack imee than 1" the Plow tems 
t align loaf with Use aie of tw aeiel, Woe GSerweing 
tw effective cease! lov coqoseat aaar the Gweeiresm a7) 
<= we ale. 


V, Meee. 

Severed pooerlii ties far Cucther (weetlantion: are 
rege. 

1. # eotifiestion ao Oe beiges oS Oe Queerete 
vith = view Go Uae climizetio, of We ing Seger 
~vineetions, or alieteetio: <f teal: effect os ei uemoocter 











_ 
os 
a 


; _ ome ome mY ee ee mae 


ee on 
Sas a on ee ™ 
i eterniecieheeet 


. »- = 











tablost iam. 

2. Teste of diepes olailar to actu) wiles Socio, 
¢ aor gwhle cre conPignmiic: mig-t also eltmiamie the 
lew Cvexeemey vlortbicn. 

1. A thorough iovestigstion af the force in the 
Vfl, setlo range below .5 vere Laconslevent roedte sere 
ote lat. 

&, A theoretical analysis of the oroblem a2 a fice. 

5. Qaete af the effect a sheekia, the rougimess of 
ts coLatiag watace. 

&. an investigntion af the waleelig ani pressare 
ewtéients Chrovugh tit seexieey Dover arer:! the model. 

/. Upeerewmene af fhe acta: prowser exigting et 
(a Serfecs af the cyliaier willie 1t le rolet‘t=g. 

4. Teste wt spergenic Wwiloities e_raziamtiar the 
Sligxt of actml Glesiles. 

5. Deets of @ cylinder wiG; tis axis porteionia 
tO tie ait flew @§= Wich eirecnts welaci tise, 
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